ABSTRACT -The experiment was conducted to determine the nutritional requirement of calcium and the best calcium: available phosphorus ratio for commercial layers at the post-laying peak. A total of 324 Hy-Line W-36 laying hens were utilized in the period from 42 to 58 weeks of age, distributed in a completely randomized design in a 3 × 3 factorial arrangement, composed of three levels of calcium (39, 42 and 45 g/kg) and three calcium:phosphorus ratios (12.12:1; 10.53:1; and 9.30:1), totaling nine treatments with six replications and six birds per experimental unit. There was no significant effect from the calcium levels × calcium:phosphorus ratio interaction for any of the variables studied. The calcium levels and the calcium: phosphorus ratios did not affect the variables performance or egg and bone quality. At the evaluation of the calcium:phosphorus balance, as the levels of calcium of the diet were raised, the intake of calcium and phosphorus and the contents of mineral matter and calcium in the excreta increased linearly, and the retention of calcium by birds decreased linearly. With the reduction of the calcium:phosphorus ratios of the diet, intake, retention and excretion of phosphorus by layers increased. Diets containing calcium at 39 g/kg and a calcium:phosphorus ratio of 12.12:1, corresponding to an increase in calcium of 3.51 g/bird/day and available phosphorus of 289 mg/bird/day, meet the requirements of calcium and available phosphorus of white egg layers in the period from 42 to 58 weeks of age.
Introduction
Over the years, commercial layer strains have been genetically improved in order to be more productive. However, these advancements make them more demanding as for nutrition. Thus, recurring studies are necessary for the update of the nutritional requirements, for these birds to express their maximum production potential. Because the requirements of calcium and phosphorus of layers have constantly changed, special attention has been drawn to research on the requirements of these minerals for laying birds.
Calcium and phosphorus are considered the main minerals in diets for layers, due to their expressive participation in the metabolism and in the quality of the eggshell. While calcium is necessary at big quantities, phosphorus is the mineral that most encumbers the final cost of diets, even though it is required at low amounts.
Although the literature is rich in studies on the levels of these minerals for hens in the laying phase, there is controversy as for the appropriate level to be used in the diets. Vieira et al. (2011) recommended calcium at the level of 34.1 g/kg and Dantas et al. (2010) , at 41.3 g/kg of diet, whereas Rostagno et al. (2011) recommended the levels of 40.2 g/kg for calcium and 3.0 g/kg for phosphorus. However, Lelis et al. (2009) indicated the level of 2.3 g/kg for phosphorus. This divergence in the results can be explained by the fact that most studies do not take into account their relation with each other. Nevertheless, it is known that the use efficiency of these minerals is dependent on the quantity and on the interrelations existing.
The excess of calcium in the diets can cause antagonism at the absorption of minerals, influencing the maintenance of the homeostasis of these minerals. When in excess, phosphorus may hamper the release of bone calcium and the adequate mineralization of the eggshell, whereas deficiency of calcium and phosphorus might result in bad quality of the eggshell and reduction in the size and production of eggs. Thus, it is of utmost importance to consider the relations between calcium and phosphorus in the evaluation of their requirements. This nutritional practice will result in more-economical diets appropriate for birds, in addition to promoting less excretion of minerals, especially phosphorus, thus reducing the negative impact of animal production on the environment. Therefore, the objective of this study was to determine the nutritional requirement of calcium and the best calcium: available phosphorus ratio for white egg layers in the period from 42 to 58 weeks of age.
Material and Methods
The experiment was conducted in the facilities of the Aviculture Sector of the Departamento de Zootecnia of Universidade Federal de Viçosa, located in the state of Minas Gerais, Brazil, in the period from May to September 2009.
A total of 324 Hy-Line W-36 laying hens at 42 weeks of age and initial weight of 1.308±0.03 kg were utilized. Birds were distributed in a completely randomized design, in a 3 × 3 factorial arrangement, composed of three levels of calcium and three calcium:available phosphorus ratios, totaling nine treatments with six replications and six birds per experimental unit. Each experimental unit was comprised of three cages (25 × 45 × 40 cm), each containing two birds, provided with galvanized gutter-type feeder and drinker covering the entire front length of cages.
Birds were acquired at 40 weeks of age and housed in an enclosed experimental shed (24 × 8 m) with mesh cover on the sides, ceiling height of 1.8 m and covered with gableroof clay tiles. The birds were managed as described in the manual of the commercial strain (Hy Line W-36, 2009 ) and fed according to the recommendations of Rostagno et al. (2005) up to 42 weeks of age. In this period, egg production was controlled, so as to allow standardization of their egg laying rate. Next, hens were distributed according to body weight and laying before the administration of experimental diets.
At 42 weeks of age, birds started to receive the experimental diets (Table 1) , all with the same amount of energy and nutrients, except for the levels of calcium (39, 42 and 45 g/kg) and available phosphorus. The experimental diets were formulated with three levels of calcium, obtained 3.22; 3.70; 4.19; 3.46; 3.99; 4.52; 3.71; 4.27; and 4.84 g/kg) , which could be achieved with addition of dicalcium phosphate (medium texture), so as to provide the three calcium:available phosphorus ratios studied within each calcium level. The other nutrients contained in the diets met the recommendations by Rostagno et al. (2005) ; for the calculation of the diet, the intake was estimated at 95 g/bird/day. The lighting program adopted was of 17 hours of light daily. The temperature within the shed was monitored once daily, at 16h00, by three thermometers of maximum and minimum, distributed in the shed, placed at the height of birds.
The diets were supplied daily, at two times: 8h00 and 16h00, providing birds feed and water ad libitum during all the experimental period. The experimental period had duration of 16 weeks, divided in four subperiods of 28 days and concluded when birds completed 58 weeks of age.
At the end of each subperiod, the feed leftovers from feeders and buckets were weighed and the feed intake was measured. Egg production was recorded daily, and egg weight was calculated as the average of the last five days of each subperiod. At the calculation of egg mass, the average daily egg production was multiplied by the average egg weight divided by 100. The conversions per mass and per egg dozen were obtained by the ratio between feed intake and mass and egg dozens produced, respectively. Birds were weighed at the beginning and end of the experiment, and the average weight gain could be calculated by the difference between the weightings.
The specific gravity was evaluated utilizing all the intact eggs collected on the 23rd, 24th and 25th days of each subperiod. Eggs were immersed in saline solutions of density from 1.055 to 1.100 g/cm 3 , with intervals of 0.005 g/cm 3 between them. The density of solutions was measured by decimeter. For the calculation of eggs discarded, all eggs with a thin shell, those whose shell had a crack and those with no shell were considered.
During the last three days of each subperiod, two eggs of each experimental unit were separated daily for conduction of analyses of egg quality. The total weight of eggs was determined, and eggs were subsequently cracked and their components were separated. The yolk was weighed right after cracking the eggs, and shells were washed and left to dry in the air before being weighed. The weight of the albumen was obtained by the difference between total egg weight and weight of yolk and shell.
The shell thickness was a result from the three readings performed at three different sites of the equatorial region of the same shell, utilizing a digital caliper with 0.01 mm precision. At the measurement of the shell, its membranes were included. For the determination of the dry matter and mineral matter, shells were ground and dried in oven at 105 ºC for 16 hours and burned in a muffle furnace at 600 ºC for four hours. For the determination of the contents of calcium and phosphorus in the shell, mineral solution was prepared by means of wet procedures. From the mineral solution, the calcium contents were determined through atomic absorption spectrometry and the phosphorus contents by colorimetry, according to the methodology described by Silva & Queiroz (2002) . The results were expressed on a dry matter basis.
At the end of the experiment (birds at 58 weeks of age), two birds per experimental unit (108 birds) were slaughtered and the left tibia was collected for determination of the mineral matter, calcium and bone phosphorus. For these determinations, tibiae were cleaned, weighed, pre-scoured with petroleum ether in Soxhlet extractor for four hours, and then dried in a forced-ventilation oven at 55 ºC for 72 hours. Afterwards, tibiae were once again weighed and compressed and ground in a ball mill. From this material, the dry and mineral matters and the contents of calcium and phosphorus were determined, following the methodology described by Silva & Queiroz (2002) . The results were expressed on a defatted dry matter basis.
For the determination of the calcium:phosphorus balance, 162 birds (three replications of each treatment) at 58 weeks of age were utilized during five days. The feed intake was measured by weighing the feed from the feeders and buckets at the beginning and end of this period. The calcium and phosphorus intake was calculated by the feed intake in that period multiplied by the level of calcium and phosphorus of the treatment to be determined, divided by 100. During this period, metal trays coated with plastic were placed under the cages to allow total collection of excreta, which was performed twice a day, at 8h00 and 16h00. The excreta collected in each experimental unit, after removal of feathers, feed residues and other sources of contamination, were transferred to plastic bags properly identified and stored in a freezer. After, the content stored was thawed, weighed and homogenized per replication. An aliquot of 200 g was taken from this material and placed in a forced-ventilation oven at 55 ºC for 72 hours. After exposed in the air to come into equilibrium with the temperature and humidity of the environment, these aliquots were weighed and ground in a ball mill. After, the dry matter, mineral matter and contents of calcium and phosphorus were determined, according to the methodology described by Silva & Queiroz (2002) . The results were expressed on a dry matter basis.
The results were subjected to analysis of variance and compared by the F test (P<0.05). In the absence of calcium level × calcium:phosphorus ratio interaction, the requirement of calcium and the best calcium:phosphorus ratio were obtained by regression, utilizing computer software SAS (Statistical Analysis System, version 2.0) for Windows.
Results and Discussion
During the experimental period, the means of minimum and maximum air temperature measured within the shed were of 15 and 27 ºC, similar to the recommendation of the manual of the commercial strain (Hy-Line W-36, 2009), which is of 18 and 27 ºC, respectively.
There was no significant effect from the interaction (P>0.05) between the calcium levels and the calcium: phosphorus ratios studied for any of the variables studied (Tables 2, 3 , 4 and 5).
In the productive performance results (feed intake, egg laying rate, egg weight and mass and bird feed conversion and weight gain), no difference was found in function of the diets (Table 2) .
The results obtained for the productive performance parameters of the layers in function of the calcium levels in the diets are in line with those found by El-Ghamry et al. (2011) , who evaluated four levels of calcium between 24 and 33 g/kg for Fayoumi laying hens in the period from 45 to 57 weeks of age and did not verify difference in egg production, egg weight and egg mass. Also, Salama et al. (2012) found that egg weight, feed conversion per egg mass and weight gain were not significantly influenced by the dietary calcium level (30 up to 40 g/kg) for commercial layers in the period from 24 to 36 weeks of age. Like Safaa et al. (2008) , who also did not find differences in egg weight, feed intake or weight gain in brown egg layers of 58 weeks of age fed diets with calcium at 35 or 40 g/kg, but keeping the calcium:phosphorus ratio of 12:1, and however observed greater egg production, egg mass and best feed conversion per egg mass and dozen eggs with calcium at the level of 40/kg in comparison with the level of 35 g/kg in the diet. Different result was observed by Murata et al. (2009) , who recorded greater egg production at the estimated calcium level of 40.5 g/kg and linear effect for egg weight and feed conversion per egg dozen (dz/kg) of white egg layers fed diets with calcium levels of 37.5; 41.5; or 45.5 g/kg. Considering the productive performance of white egg layers under production, Dantas et al. (2010) suggested the calcium et al. (2012) , at 43.1 g/kg in the diet. As for the effects from the calcium:phosphorus ratios on the productive performance of white egg layers, they were similar to those found by Lelis et al. (2009) , who studied available phosphorus at the levels of 2.3; 2.9; 3.5; 4.1 and 4.7 g/kg in diets with calcium at 42 g/kg (calcium: phosphorus ratio varying from 18.26 to 8.93:1) for brown egg layers in the period from 50 to 66 weeks of age and did not verify difference in the performance of the animals; and by Rosa et al. (2011) , who studied the calcium:phosphorus ratios of 8:1; 11:1 and 14:1 for brown egg layers in the period from 28 to 36 weeks of age and also did not observe effect from the calcium:phosphorus ratios on feed intake, egg laying rate, feed conversion per egg mass and egg weight.
Although the egg laying rate was not affected (P>0.05) by the calcium:phosphorus ratios of the diet, it could be observed that with a lower calcium:phosphorus ratio (9.30:1), the egg laying rate was 2.16% lower than that obtained with the highest calcium:phosphorus ratio (12.12:1) ( Table 2 ). This can be explained by the greater quantity of phosphorus contained in this diet, which could have hampered the availability of calcium, and, in an attempt to circumvent this situation, the hens reduced production, but maintained the egg quality. In this sense, Silva et al. (2008) , working with different calcium:phosphorus ratios (9:1; 12:1 and 14:1) in diets for layers, observed that the increase in the ratio from 9:1 to 14:1 improved egg production linearly. These authors also verified effect from the calcium:phosphorus ratios on egg weight, egg mass and feed conversion per egg mass, and concluded that the calcium:phosphorus ratio of 14:1 (calcium at 42 g/kg and phosphorus at 3 g/kg) would ensure satisfactory performance of brown egg layers in the period from 28 to 44 weeks of age. However, Pelícia et al. (2009a) , studying different levels of calcium and available phosphorus for brown egg layers, suggested calcium and phosphorus levels of 45 and 2.5 g/kg, respectively (calcium: phosphorus ratio of 18:1), for better bird performance.
The results found for the parameters of productive performance suggest that layers from the commercial strain Hy-Line W-36 require a lower level of calcium than that studied, and the possibility that, in diets with greater calcium:available phosphorus ratios (lower level of phosphorus), calcium has its availability increased.
No significant effect (P>0.05) from the levels of calcium or from the calcium:phosphorus ratios was verified in the period from 42 to 58 weeks of age of white egg layers on the parameters of egg quality analyzed (Table 3) .
The results obtained for yolk, albumen and shell weight in function of the calcium levels in the diet are consistent with those found by Abd El-Maksoud (2010) and Salama et al. (2012) , who found that egg quality was not significantly affected by different calcium levels (32.5 up to 40 and 30 up to 40 g/kg, respectively). The results for shell weight, specific gravity and number of eggs discarded are similar to those obtained by Murata et al. (2009) , who also did not observe influence from the calcium levels (37.5; 41.5 and 45.5 g/kg) on these variables (shell weight, specific gravity and number of eggs discarded) of white egg layers at 57 weeks of age, and by Pelícia et al. (2009a) , who also did not find differences in shell thickness, number of eggs discarded and in the specific gravity of the eggs from second-cycle brown egg layers in function of the four calcium levels (30; 35; 40 and 45 g/kg) studied. However, Safaa et al. (2008) reported improvement in the shell thickness of eggs with calcium at the level of 40 g/kg in comparison with 35 g/kg, keeping the calcium:phosphorus ratio at 12:1, in a diet for brown egg layers in the period from 58 to 73 weeks of age.
Based on the results obtained for the characteristics of shell quality (Table 3 ) and the calcium:phosphorus balance (Table 5 ) with the supply of calcium, it is believed that the statement made by Roland et al. (1975) is timely; these authors affirmed that the deposition of calcium in the shell is either constant or increases significantly with increase in the levels of this mineral in the diet, for the excess of dietary calcium goes through the digestive tract without being absorbed. In this sense, Vieira et al. (2011) , evaluating the calcium levels of 28, 33 and 38 g/kg for brown egg layers at 40 weeks of age, verified that the calcium levels also did not influence the calcium deposition in the shell (g/kg), as in the results obtained by Lichovnicova (2007) with commercial layers at the post-peak of laying. Thus, the efficiency of calcium deposition in the shell reduced with the increase of calcium in the diet. Vellasco et al. (2010) , however, in a study with white egg layers in the period from 24 to 40 weeks of age fed diets with three calcium levels (39; 42 or 45 g/kg), verified linear effect from the calcium levels on the shell weight and calcium content (g/kg) in the shell.
As for the effects from the calcium:phosphorus ratio on the parameters analyzed for egg quality, these results are in line with those found by Vellasco et al. (2010) . In both studies, no effect from the calcium:phosphorus ratios (12.12:1; 10.53:1 and 9.30:1) in the diet was verified on shell weight; contents of calcium (g/kg), phosphorus (g/kg) and mineral matter (g/kg); specific gravity; and thickness of shell from eggs from white egg layers. The same happened to Almeida et al. (2012) , who, evaluating the calcium levels (37, 40 and 43 g/kg) and calcium:available phosphorus ratios (9.76:1; 10.81:1 and 12.12:1) in diets, also did not observe effect from the calcium:phosphorus ratios on shell weight, contents of calcium (g/kg), phosphorus (g/kg) and mineral matter (g/kg), thickness of shell and specific gravity, although they worked with white egg layers in second production cycle.
The phosphorus and calcium contents in the shell were not affected by the diet, even with the utilization of diets with the calcium level and calcium:phosphorus ratio below (39 g/kg and 9.30:1) and above (42 g/kg and 12.12:1) those recommended by Rostagno et al. (2005) , of calcium at 40.2 g/kg and calcium:phosphorus ratio of 10.72:1 for the intake of 100 g/bird/day. However, Vellasco et al. (2010) suggested calcium at the level of 45 g/kg and calcium: phosphorus ratio of 12.12:1 (calcium and phosphorus at 3.71 g/bird/day and 306 mg/bird/day, respectively) for a better quality of shell from eggs from white egg layers at the laying peak, whereas Rostagno et al. (2011) indicated calcium at the level of 40.2 g/kg and a calcium:phosphorus ratio of 13.4:1 in diets for white egg layers under production consuming 100 g/bird/day.
Based on the results obtained for the egg quality parameters analyzed, it is possible to affirm that the lowest calcium level and the greatest calcium:phosphorus ratio (lower concentration of phosphorus) studied were sufficient to maintain the egg quality. Thus, it is possible to formulate a diet of lower cost, more appropriate to birds, with lower excretion of minerals, especially phosphorus, thus reducing the negative impact of animal production on the environment, and even to maintain the quality of the final product.
No effect (P>0.05) from the calcium levels or calcium: phosphorus ratios was observed on the bone characteristics of white egg layers in the period from 42 to 58 weeks of age (Table 4) . Although there was increase in the levels of calcium in the diet, these levels did not affect the mineral contents in the bone, similarly to the calcium:phosphorus ratio, which also did not interfere in the levels of the minerals studied.
In spite of the results found for the deposition of phosphorus and calcium in the tibia, some studies prove that low calcium levels in diets for layers promote bone mobilization of calcium to meet the need of the bird and maintain the shell quality (Schreiweis et al., 2003; Almeida Paz, 2009) . Therefore, considering the results obtained, it is possible to affirm that the lowest calcium level (39 g/kg) was enough to meet the requirements of the layers, once the mobilization of bone calcium to maintain the shell quality was not significant (P>0.05). Similar results were found by Safaa et al. (2008) , who did not verify effect from the levels of calcium (35 and 40 g/kg), keeping the calcium: phosphorus ratio at 12:1, in birds at 73 weeks of age. Also by Rama-Rao et al. (2003), who did not verify influence from the calcium levels on the mineral matter content of the tibia from white egg layers at 48 weeks of age, after being fed diets containing six calcium levels (32.5; 35; 37.5; 40; 42.5; and 45 g/kg) for 20 weeks, and by , who did not observe influence from the calcium levels (30; 37.5; and 45 g/kg) on the calcium content in the tibia.
The effect from the calcium:phosphorus ratios on the bone characteristics are in line with Rezende et al. (2009), who evaluated the bone characteristics of laying birds subjected to four levels of available phosphorus (1.0; 2.0; 3.0; and 4.0 g/kg) in diets with 40.2 g/kg of calcium and did not verify significant variation in the bone characteristics of white egg layers at the post-peak of laying. In a previous study, Almeida et al. (2012) , evaluating calcium:available phosphorus ratios (9.76:1; 10.81:1 and 12.12:1) in diets for white egg layers in second production cycle, also did not find influence from the calcium:phosphorus ratio on the contents of mineral matter (g/kg), calcium (g/kg) or phosphorus (g/kg) in the tibia of birds. However, Rose et al. (2011) found significant effect calcium:phosphorus rations (8:1, 11:1 and 14:1) on the contents of mineral matter (g/kg), calcium (g/kg) or phosphorus (g/kg) in the tibia of brown egg layers at 36 weeks of age. These authors verified that the lowest calcium:phosphorus ratio of 8:1 resulted in lower mineral matter content in the tibia and higher calcium:phosphorus ratio (14:1) at greater contents of calcium (g/kg) and phosphorus (g/kg) in the tibiae.
The mineral matter contents in the excreta increased linearly (P<0.05) as the levels of calcium (LCA) in the diet were elevated, according to the equations Y = 343.602 -11.3277LCA (r 2 = 0.93), in g/kg of dry matter and Y = 7.48067 -0.525966 CV -coefficient of variation; Ca, Rat and Ca × Rat -effects from the supplementation with calcium, from the calcium:available phosphorus ratio and their interaction, respectively; DDM -defatted dry matter.
LCA (r 2 = 0.94), in g/bird/day (Table 5 ). The calcium contents in the excreta, both in g/kg of dry matter and g/bird/day, were also affected linearly by the calcium levels of the diet (Y = 311.806 + 12.9660LCA, r 2 = 0.88; Y = 1.08433 + 0.0143712LCA, r 2 = 0.95, respectively), in such a way that the lowest calcium level (39 g/kg) yielded the best result (Table 5) . These results indicate a positive correlation between the concentration of calcium in the diet and the increase in its excretion, which consequently caused the elevation of the mineral matter in the excreta in function of the calcium levels in the diet. This happens because the bird only retains the necessary amount of calcium and eliminates the excess in the excreta.
Similar results were observed by Vieira et al. (2011) , when evaluating the calcium levels of 28, 33 and 38 g/kg in the diet of brown egg layers from 40 weeks of age, and by Pelícia (2009b) , in an experiment with brown egg layers in the period from 59 to 70 weeks of age fed diets containing the calcium levels of 30, 35, 40 and 45 g/kg. These authors verified increase in the calcium excretion, in g/bird/day and in g/kg, respectively, and attributed this result to the concentration of calcium in the diet.
The levels of calcium in the diet influenced the calcium intake linearly (P<0.05; Y = 3.35823 + 0.199161LCA, r 2 = 0.94). This result is related to the concentration of this mineral in the diet, once the feed intake did not differ between treatments. Thus, the concentration of calcium in the diet promoted linear decrease in the retention of this mineral (Y = 688.194 -12 .9660LCA, r 2 = 0.88) determined in g/kg of dry matter. When the retention of calcium was determined in g/bird/day, there was no effect (P>0.05) from the calcium levels in the diet. This means that the bird kept using the same amount, regardless of the concentration of calcium in the diet, with the excess eliminated in the excreta.
Therefore, it can be affirmed that there was decreasing effect in the efficiency of calcium retention as the level of calcium in the diet increased, which was also observed by Vieira et al. (2011) .
The best efficiency of calcium retention was at the lowest level of calcium of the diet (39 g/kg). This might have occurred because as the calcium levels of the diet increase, there is reduction of the biosynthesis of the protein carrier of calcium in the duodenum (Bertechini, 2006) , which, in addition to damaging the functionality of the protein through increase in the intestinal pH (Berggard et al., 2000) , decreases the absorptive efficiency of this mineral, which directly affects the retention of this mineral by birds. These results prove features of the calcium metabolism in commercial layers, because at low levels of this mineral in the diet, birds improve the utilization of dietary calcium, within their physiological limits, as a form of compensation.
The calcium levels of the diet also affected the phosphorus intake linearly (Y = 0.319068+ 0.0191727LCA, r 2 = 0.94), which can be explained by the fact that, in diets with higher levels of calcium, the phosphorus concentration was also higher, for in order to keep the same calcium: phosphorus ratio at the different calcium levels, it was necessary to alter the level of phosphorus in the feed, according to the calcium levels. Likewise, the calcium: phosphorus ratios (RAT) of the diet affected the phosphorus intake linearly, according to the equation Y = 0.249123 + 0.0541453RAT (r 2 = 0.97). In the diets formulated for lower calcium:phosphorus ratios, the concentration of phosphorus was higher, and since the feed intake did not differ between the calcium:phosphorus ratios, the ingestion of this mineral was greater at the different calcium:phosphorus ratios.
The calcium:phosphorus ratios affected the excretion of phosphorus determined in g/bird/day linearly (P<0.05; Y = 0.204929 + 0.0238698RAT, r 2 = 0.94). As the phosphorus was added to the diet characterized by the decrease in the calcium:phosphorus ratio, there was increase in its excretion. The phosphorus content (g/kg of dry matter) in the excreta was not affected by the calcium: phosphorus ratio, which means that the increase of its excretion in g/bird/day was proportional to the increase in the concentration of phosphorus in the diet, since it did not affect the concentration (g/kg of dry matter) of this mineral in the excreta. The elevated phosphorus intake, caused by lower calcium:phosphorus ratios in the diet, might have caused an excess of phosphorus in the organism of the bird, which impaired its absorption and increased the losses through feces . In this sense, Ceylan et al. (2003) , evaluating the levels of available phosphorus (4.0; 3.5; 3.0; 2.5; and 2.0 g/kg + phytase) in diets containing 38 g/kg of calcium for white egg layers in the period from 20 to 40 weeks of age, also found linear effect from the calcium:phosphorus ratios on the excretion of phosphorus. These authors observed that as the calcium: phosphorus ratios were reduced in the diet characterized by the high levels of phosphorus, the concentration of this mineral in the excreta increased.
The calcium:phosphorus ratios of the diet did not influence (P>0.05) the content of phosphorus retained (g/kg of dry matter) by birds. However, when the retention of this mineral was determined in g/bird/day, there was significant difference (P<0.05) between the calcium: phosphorus ratios evaluated, according to the equation Y = 0.0540885 + 0.022854RAT (r 2 = 0.89). These results indicate that the increase in retention in g/bird/day was proportional to the elevation in the concentration of phosphorus in the diet, so it did not interfere in the concentration of phosphorus (g/kg of dry matter) in the excreta. The results indicate the existence of a direct relationship between the levels of phosphorus supplied and their absorption, within a physiological limit of birds. However, Rosol & Capen (1997) affirmed that monogastrics have the capacity to develop mechanisms of adaptation which result in increased absorption of phosphorus when it is supplied at low dietary levels. However, this was not observed, probably because the lower level of phosphorus, promoted by the higher calcium:phosphorus ratio, was enough to meet the requirements of birds, so it was not characterized as a low level.
The response pattern of the calcium:phosphorus balance is in line with what was observed for the other variables, because the increase in supplementation of calcium and phosphorus (lower calcium:phosphorus ratio) did not improve the productive parameters, egg quality or bone characteristic of the layers. Although it is known that the calcium and phosphorus levels of a diet for layers are directly related to the quality of the eggshell and bone, in addition to the productive performance of the birds, the decrease in the dietary levels of these minerals should be done cautiously. However, the results from this study indicated that the reduction in the levels of calcium and phosphorus (increase in the calcium:phosphorus ratio) did not impair the quality of shell or bone, or even bird performance. Therefore, it is likely that the marginal level of calcium and the greater calcium:phosphorus ratio utilized were enough to meet the requirements of birds.
Conclusions
Diets containing calcium at 3.9 g/kg and a calcium: available phosphorus ratio of 12.12:1, corresponding to a daily intake of 3.51 g of calcium/bird and 289 mg of available phosphorus/bird, are enough for obtaining satisfactory performance, egg quality and maintenance of the bone tissue for commercial white egg layers in the period from 42 to 58 weeks of age.
